Since 1960, it has been demonstrated by various analytical procedures that high concentrations of arsenic were present in Napoleon's hair. Various authors, indicating that the detected arsenic levels are a consequence of external contamination, have challenged the results of these examinations. In order to shed more light on this historical controversy, we have tested two samples of Napoleon's hair by inductively coupled plasma-mass spectrometry (ICP-MS). The samples of hair were decontaminated with acetone and were cut into small segments. For multi-element screening, hair samples were mineralized in concentrated nitric acid for 1 h at 70~ diluted 1:40 in specific solution with rhodium as an internal standard, and finally analyzed by ICP-MS on a Thermo Electron ICP/MS X7. Multi-element analysis of Napoleon's hair samples revealed massive amounts of arsenic (42.1 and 37.4 ng/mg), antimony (2.1 and 1.8 ng/mg) and elevated levels of mercury (3.3 and 4.7 ng/mg) and lead (229 and 112 ng/mg). In the case of arsenic, these concentrations, 40 times higher than the normal values, confirm the hypothesis of a significant exposure to arsenic. The concentrations of the other elements, in particular antimony and mercury, are in agreement with the data already known about the therapeutic treatments given to Napoleon, which were based on calomel (salt of mercury) and tartar emetic (antimony).
Introduction
Napoleon Bonaparte died in exile on the island of Saint Helena on May 5, 1821.
Although the autopsy had suggested stomach cancer as the cause of death, several other theories have been proposed. A recent report (1) suggested inappropriate medical treatment might have contributed to the Emperor's death. These authors concluded that the immediate cause of death was torsades de pointes, brought on by chronic exposure to arsenic and a medication error. These findings were again challenged by Lugli et al. (2) that determined Napoleon's weight at death and the changes in his weight during the last 20 years of his life. They ' Author to whom correspondence should be addressed. E-mail: pascaLkintz@wanadoo.fr.
observed a terminal weight loss of more than 10 kg, and concluded to a severe progressive chronic illness, highly consistent with a diagnosis of gastric cancer.
Whether or not Napoleon died of arsenic poisoning is an open question on which debate has been active since the early 1960s.
Since 1964 and the presentation (3) of the results of the analysis of Napoleon's hair using neutronic activation by the Harwell Nuclear Research Laboratory of the University of Glasgow demonstrating high arsenic content, there has been a great controversy regarding the final conclusions of criminal poisoning. In 1999, these results were reviewed by Weider and Fournier (4), who confirmed the arsenic poisoning as a mode of death.
Hair strands taken from the Emperor have been tested around the world, and in most cases, they exhibited arsenic content in higher amounts than physiological concentrations. In 1998, Hindmarsh and Corso (5) published a compendium of these results (approximately 20 analyses). Our group (6) also identified high levels of arsenic in five different specimens of the hair of Napoleon using graphite furnace atomic absorption spectroscopy. However, the finding of elevated arsenic concentration in hair cut in 1814, seven years before the exile, does not support, according Lin et al. (7) , the arsenic poisoning theory, but confirms potential external contamination (8) .
The arsenic-poisoning thesis was contested by the "official (in the book of French History)" version, based on the following possibilities: 1. the hair specimens do not belong to Napoleon; 2. an external contamination (including contamination through the wallpaper, by exposure to coal smoke, by using arsenic-containing cosmetics, or by using arsenic to preserve hair samples) can explain positive arsenic results; and 3. an arsenic ingestion (arsenic-containing tonic, arsenic occurring naturally in the water supply) is possible.
To continue active investigations, in January 2005, our laboratory received two hair specimens derived from Napoleon. They were received from Dr. Ben Weider, President of the International Napoleonic Society (Montreal, QC, Canada), with the request to test for arsenic.
Inductively coupled plasma combined with mass spectrometry (ICP-MS) was used as an analytical tool. This system is presently considered the state of the art in metal analysis because multiple metals can be simultaneously determined with the specificity of MS and the sensitivity of the reference method, graphite furnace atomic absorption spectrometry. Although ICP-MS is sensitive, it does require a larger minimum amount of hair (10 mg) for analysis. Obviously, in the case of Napoleon, this was difficult to obtain, as in most instances, only one or two hairs were available. Fortunately, we were allowed to work with a larger amount of material because the owner accepted the fact that the sample would be destroyed during preparation.
This report presents the first study on Napoleon's hair tested by ICP-MS.
Material and Methods

Hair specimens
The following specimens derived from Napoleon were submitted to the Laboratory ChemTox-hair identified as << Abraham Noverraz >>, cut on May 6, 1821, and hair identified as << Grand Mardchal Bertrand >>, cut on May 6, 1821.
Abraham Noverraz was the servant of Napoleon. Grand Mar~chal Bertrand was deported to St Helena with the Emperor. Both received several hair samples the day after the death of Napoleon.
For comparison, 65 hair strands were collected from subjects (males and females, aged 4 to 73 years, from the Strasbourg region of France) by cutting near the vertex scalp. Specimens were labeled with an anonymous number and stored at ambient temperature until analysis.
Toxicological analysis
Hair specimens were strongly decontaminated using acetone (5 mL, 2 rain) with horizontal shaking.
After weighing, hair (10 rag) was mineralized in polypropylene tubes with 250 IJL of Suprapur 65% nitric acid at 70~ for 60 rain. Before testing, the residue was diluted 1:40 with 0.1% nitric acid and 0.01% Triton X-100. Rhodium (Sigma, Saint Quentin Fallavier, France) at 1 ng/mL was added as an internal standard.
Arsenic and 31 other elements were quantitated in hair samples by ICP-MS on a Thermo Electron X7 (Waltham, MA) apparatus. The RF generator power was 1.4 kW. The plasma gas flow rate of argon was as follows: nebulization 0.95 L/rnin, plasmagen 13 L/rain, and auxiliary 0.90 L/rain.
Arsenic was measured at m/z 75. Rhodium was measured at m/z 103.
The six-point standard curve of arsenic calibration showed a good linearity (r = 0.999941) over the concentration range tested (0.5-50 ng/mg). The limit of quantitation was 0.036 ng/mg. This is also the lowest concentration that was observed in the hair of one subject.
The laboratory participates in an internal quality control (Trace Elements in Human Hair NRM GBW09101, LGC Promochem, Molsheim, France) and an external quality control (three batches per year, Center of Toxicology of Quebec, Canada).
Results and Discussion
As can be the case with blood and urine, there were no arsenic-specific interferences, particularly due to chloride, as observed in hair.
No arsenic was found after evaporation and analysis by ICP-MS of 2 mL unused acetone. The decontamination wash of acetone of the Noverraz specimen showed a total of 0.45 ng of arsenic. The wash of the Grand Mar~chal Bertrand specimen showed a total of 0.55 ng of arsenic. These concentrations can be considered as negligible when compared with normal concentrations and previous analyses of the hair of Napoleon, as indicated in Table I .
Results of the toxicological investigations are reported Table  II .
Arsenic tested positive in both samples, at 42.1 and 37.4 ng/mg for the Noverraz and Grand Mar~chal Bertrand, respectively. These results confirm previous elevated arsenic concentrations in hair samples attributed to Napoleon and are about 40 times higher than the accepted threshold of 1 ng/mg (9) .
In addition to 31 other elements, antimony (2.1 and 1.8 ng/mg), mercury (3.3 and 4.7 ng/mg), and lead (229 and 112 ng/mg) were detected at unusually high concentrations.
These data are in agreement with the reports frequently quoted by historians regarding therapeutic treatment of Napoleon. In particular, mercury would come from calomel (mercury chloride), often used at that time as a laxative to relieve his chronic constipation. Similarly, antimony would originate from tartar emetic (antimony potassium tartrate), an emetic prescribed to Napoleon during the last months of his life.
The simultaneous findings of arsenic, antimony, and mercury confirm the origin of both hair samples because it would be unlikely to find these results from an external source.
The presence of silver can be explained by local antiseptic therapy using Argentum colloidale (i.e., collargol syrup). Finally, elevated lead concentrations can be attributed to litharge, red lead monoxide used at that time to sweeten some wines, such as Porto. All other element concentrations were normal, except for zinc, which seems lower than expected. This was also observed by other authors (7) .
